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Weld surfacing techniques are employed mainly to extend or improve the service life of engineering components and to reduce their cost either by rebuilding repeatedly or by fabricating in such a way as to produce a well defined composite material as in screw line presser. Other desired properties often obtained include corrosion resistance; wear resistance, etc. (Chotěborský et al. 2008) .
The experimental optimization of any welding process is often a very costly and time consuming task due to many kinds of nonlinear events involved. One of the most widely used methods to solve this problem is the Response Surface Methodology (RSM), in which the experimenter tries to approximate the unknown mechanism with an appropriate empirical model and the function representing this method is called a Response Surface Model. Identifying and fitting a good Response Surface Model from experimental data requires some knowledge of statistical experimental design, bases of regression modeling techniques and elementary optimization methods (Thorpe 1980; Ellis, Garrett 1986; Murugan et al. 1993; DuPont, Marder 1996; Doumanidis, Kwak 2002; Kim 2003; Kim et al. 2003; Correia et al. 2005; Palani, Murugan 2007) .
The goal of this article is to explore the RSM technique in the determination of gas metal arc welding (GMAW) process parameters, welding voltage (U), arc current (I) and welding speed (S). However, the search for mathematical models depends on process parameters and geometry of weld bead.
MAtERIAls ANd MEtHods
The activities planned for the research include the following:
identifying the important process control vari- 
Identification of the process variables
The independently controllable process parameters were identified in order to carry out the experimental work and to develop the mathematical models, namely: the open-circuit voltage (U), the arc current (I) and the welding speed (S). The experiments were conducted by laying one bead of electrode positive without preheating and nozzle-to-plate measured distance of 18 mm. The responses were measured after cross-section of the overlay at its mid-point.
Finding the limits of the process variables
Trial runs were carried out by varying one of the process parameters whilst keeping the rest of them at constant values. The working range was selected by inspecting the bead for a smooth appearance and the absence of any visible defects such as surface porosity, undercut, etc. The upper limit factor was coded as +2 and the lower limit as -2 according to central composite rotatable factorial design. The coded values for the intermediate values were calculated from the relationship below (1):
where: X i -required coded value of a variable X X -any value of the variable from X min -X max X min -lower level of the variable X max -upper level of the variable
The selected levels of the process parameters for 1.6 mm diameter OK Tubrodur 15.43 tube wire, together with their units and notations, are given in Table 1 .
developing the design matrix
The selected design matrix, shown in Table 2 , was a central composite rotatable factorial design consisting of 21 sets of coded conditions and comprising a full replication of 2 3 (8) factorial design plus seven centre points and six star points. All welding variables at the intermediate (0) level constitute the centre points whilst combination of each welding variables either at its lowest value (-2) or its highest value (+2) with the other three variables of the intermediate levels constitute the star points. Thus the 21 experimental runs allowed the estimation of linear, quadratic and linear-linear interactive effects of the welding variables on the geometry of the bead.
Conducting the experiment according to the design matrix
An automatic surfacing system, designed and fabricated in the ESAB (Mini 2A), was employed in the conducting of the experiments. The experiments were conducted according to the design matrix at random to avoid the effects from systematic errors creeping into the system. OK Tubrodur 15.43 tube wire of 1.6 mm diameter (MOG type) was used in the deposition onto structural steel plate S235JR of 25 mm thickness. Keeping positive polarity and an electrode to work angle of 90° degrees, one bead of 150 mm length was deposited. Base material without preheating was used.
Recording of the responses
The plates were cross-sectioned at their mid points to obtain test specimen. These specimens were then prepared by usual metallurgical polishing (grinding and polishing) methods and etched with 4% Nital (4% solution of HNO 3 in the ethanol). The geometry of the weld beads (Fig. 1) were measured using optical microscopy. The observed values of w, h, p and D are given in Table 2 , where D was calculated by Eq. (2):
development of mathematical models
The response function representing any of the weld bead dimensions was expressed as Z = f (U, I, S) and the relationship selected, representing a seconddegree response (3) was also expressed as follows: Vol. 57, 2011, No. 2: 56-62 R es. Agr. Eng.
Evaluation of the coefficients of models
The values of the coefficients were calculated by regression with the help of STATISTICA software (StatSoft CR, s.r.o., Prague, Czech Republic). A computer programme was also developed to calculate the value of these coefficients for different responses which is presented in Table 2 .
Checking the adequacy of the models developed
The adequacy of the models was tested using the analysis of variance. According to this technique, if the calculated value of the F ratio of the model developed does not exceed the standard tabulated value of F ratio for a desired level of confidence (95%) and the calculated value of the R ratio of the model developed exceed the standard tabulated value of R ratio for desired level of confidence (95%), then the model may be considered adequate within the confidence limit. The results obtained that are presented in Table 3 show that all of the models are adequate.
testing the coefficients for significance
The value of the regression coefficients gives an idea as to what extent the control variables affect the responses quantitatively. The less significant coefficients can be eliminated along with the responses which they are associated with, without estimating much accuracy to avoid cumbersome mathematical labour. To achieve this, Student's ttest is used. According to this test when the calculated value of t corresponding to a coefficient exceeds the standard tabulated value for the desired level of probability (95%), the coefficient becomes significant. After determining the significant coefficients, the models were developed using only these coefficients. Vol. 57, 2011, No. 2: 56-62 R es. Agr. Eng.
